CONSIDERABLE improvements have taken place during the last twenty years in this department of surgery, and it will be useful to revise our knowledge and practice, and to compare our results in this important field of abdominal surgery in the light of recent experience.
Much of our advance in this branch of abdominal surgery has been due to improved methods of diagnosis. Until comparatively recently stricture and growths in the colon were seldom detected except when the surgeon was exploring the abdomen for the cause of acute obstruction. As a result most of the operations performed were designed to deal with the obstruction which was present rather than with the tumour itself. Colostomy or Paul's operation held the field. The mortality of resection was high, and anastomosis was generally performed extraperitoneally by some such operation as Greig Smith's wellknown method. Even when a definite two-stage operation was planned the surgeon was invariably handicapped by the presence of a facal fistula, or colostomy on the abdominal wall, generally quite close to his operation site, and this necessarily controlled to a large extent the type of operation which could be done.
Many of the results were good, but the resections which were possible under these types of operation were very limited, and infection of the wound was the rule rather than the exception, so that good results were only obtained after long and tedious illnesses. Improvement in methods of diagnosis have altered these conditions, and it may safely be said that now most tumours of the colon are diagnosed before acute obstruction occurs, or at least their presence is so strongly suspected that the surgeon is called upon to explore the abdomen.
The modern surgeon has learnt much of his surgery, and most of his diagnosis, upon the operating table rather than in the post-mortem room, and as a result is able to suspect the presence of a tumour in the colon long before it is palpable, and before serious obstruction has occurred. Aided further by the sigmoidoscope, by the chemical and microscopical examination of the stools, and by the use of X-rays after a bismuth meal or enema, a more or less accurate diagnosis is generally possible.
The fact that the surgeon is now able to operate upon patients with tumours in the colon before serious obstruction has occurred has entirely altered the type of operation that is performed, and greatly improved the results. It will be generally agreed that to attempt to resect or anastomose the large bowel in a patient suffering from any degree of obstruction is wrong, and that the proper treatment is first of all to relieve the obstruction and only to attempt to resect or anastomose the bowel after all obstruction has been relieved. Further, most surgeons now agree that cases of obstruction in the large bowel are best treated by draining the caecum.
I would go further, and say that cases of obstruction of the colon should be treated by simple drainage of the ccum without exploratory laparotomy, and that the exploratory laparotomy should be postponed until after the obstruction has been entirely relieved. The adoption of this course does away with the great danger of exploring the abdomen while the intestines are distended and the patient is suffering from faecal vomiting. The simple tube method of performing caecostomy, which was described in the Lancet (November 25, 1922) can be easily performed under local anwsthesia with the minimum of risk. Within a fe-w days the patient's toxic symptoms have disappeared and the abdomen can be explored under the best possible conditions. Cecostomy performed in this way is a clean operation, as everything drains into a bucket through the tube, and there is consequently no danger of infecting the wound. Before an attempt is made to resect the colon, I think it is very important that the patient should, if possible, be carefully prepared. The bowel should be cleared out, preferably by the use of castor oil, to which belladonna and opium should be added to relieve spasm and to enable the aperient to act more efficiently in the presence of the stricture, which is necessarily present. At the same time as the castor oil is administered a methylene blue pill, or teaspoonful of charcoal, should be given by the mouth and a careful note kept of its first appearance in the stools. This is a rough, but efficient test as to whether the bowel has really been cleared out. The charcoal should appear within twenty-four or thirty-six hours; if it fails to do so the bowel should be further cleared. At the same time kerol, dimol or some other intestinal antiseptic should be administered in full doses, or if. sufficient time is available, a good preparation of Bulgarian bacillus may be administered in milk in order to modify the intestinal flora. It is necessary to spend some time over the preparation of the patient, and as soon as the bowels have been satisfactorily cleared the patient should be put on large doses of liquid petroleum in order to liquefy everything within the colon and prevent the formation of seybala. During the preparatory treatment the patient should be fed witb ordinary solid food, and on no account should he be starved. At least a couple of days should intervene between the administration of the purgatives and the operation. On no account should the patient be purged just before the operation on the colon. This preliminary treatment is a most important factor in securing good results, and the expenditure of a week or even more time upon it is fully justified.
THE INCISION.
This must, of course, depend to some extent upon the situation of the lesion, and it is not always possible to be certain which part of the colon is affected. The great majority of growths, however, occur in the sigmoid flexure, descending colon and splenic flexure, the next commonest situation being the caecum.
For growths on the left side I believe the diagonal incision to be the best. It should begin close to the midline, 1 in. above the pubis and be carried outwards into the angle beneath the last rib (see fig. 1 ). It is the same incision, in fact, which is used in exposure of the left ureter. The rectus sheath is opened up and the rectus muscle itself freed, so that it can be drawn well over to the right side.
The advantages of this incision are that if the patient is turned slightly on the right side and is supported with sandbags under the buttock and left shoulder-blade: (1) It gives splendid exposure to the whole of the left side of II FIG. 1. the colon; (2) the remainder of the intestines fall away and do not get in front of the colon during the operation; and (3) practically the whole of the incision lies through thick muscular structures which readily heal; further (4) no more that one nerve is likely to be divided; (5) the results, both as regards subsequent healing of the wound, and as regards access to the colon, are admirable; (6) this incision enables the surgeon to remove the splenic angle with the greatest ease. When there is doubt as to the locality of the lesion a midline incision is usually advisable.
The extent of colon removed must vary with the circumstances of the case, and with the opinion of the surgeon operating, some surgeons preferring to remove considerable lengths of colon, others preferring merely to remove that portion which is necessary; but as a general rule it may be stated that in the case of a tumour in the cecum, or at the hepatic or splenic angles, it is better to resect the entire angle rather than to attempt local resection.
72 Lockhart-Mummery: Resection and Anastomosis of Colon METHODS OF JOINING THE COLON AFTER RESECTION. Twenty years ago the popular method of joining together two portions of intestine in order to obtain an anastomosis, was by means of some apparatus aided by stitching. Murphy's button, Allingham's bobbin, Senn's plates, Mayo-Robson's bobbin and Laplace's forceps all had their advocates, and any surgical text-book of that time contains numerous illustrations and descriptions of the various methods of using these appliances.
The most popular instrument was Murphy's button, whiclh for a long time held the field owing to the ease with which it could be used. But the not infrequent fatalities attending its use, the fact that the button was not always passed but had to be removed by secondary operation, and the trouble from stricture which often resulted from the small stoma, led to its disuse.
With increased experience and improved technique surgeons soon found that plain stitching gave better results both as regards time and subsequent safety, and no surgeon of the present day would think of using any of these instruments for the purpose of anastomosing the large bowel.
When stitching first took the place of mechanical appliances lateral anastomosis was used in preference to axial anastomosis. At the present day we find that while axial anastomosis is always used in dealing with the small intestine, from what other surgeons have told me, and from contemporary writings, it would appear that lateral anastomosis is still the popular method of joining the large bowel.
The disadvantages of lateral anastomosis are obvious: (1) It requires a much greater length of bowel. (2) It requires either more extensive freeing of the colon, or less extensive removal of the diseased part as compared with axial union. The operation takes much longer to perform, as in addition to the actual anastomosis two ends of colon have to be closed. (3) The subsequent anatomical condition is not perfect, and the blind end of the proximal portion is apt to give trouble. I know of several cases in which there has been an abscess and ulceration in this portion of the blind bowel. The fact that it is still popular in spite of these objections shows that there must be some distinct advantage.
Though actual anastomosis in the small intestine has given universal satisfaction, it was found that axial anastomosis in the colon was liable to result in leakage, and that either peritonitis or fecal fistula resulted. It was supposed that this was due to the more solid nature of the contents of the colon as compared with that of the small intestine, the line of suture being liable to give way from this cause. This, however, is not the real reason. The failure of axial union of the large intestine has nothing to do with the contents of the bowel, but is entirely the result of the anatomical arrangement of the bloodvessels in the wall of the colon, which differs widely from that of the small intestine. In the small intestine there is a very free anastomosis between the vessels feeding the bowel wall. ln the colon, however, the arteries pass round the bowel in a circular direction from the mesenteric side parallel to each other. There is a free lateral circulation along the marginal artery, but the anastomosis in the bowel wall is not very free. It is obvious, therefore, that in performing a resection, if the bowel is cut across transversely and sewn together in this position, there is considerable risk of the stitches joining the edges of the bowel on the mesenteric side constricting the vessels, and so damaging the blood supply of the edge of the bowel opposite to the mesentery. As a matter of fact, when leakage occurs after axial union of the colon it will generally be found that the leakage is on the side opposite to the mesentery, and is due to the sloughing of the edges of the bowel where thev are stitched together, rather than to faulty suturing.
In performing lateral anastomosis there is no such danger of damaging the blood supply, as the arteries themselves cannot be caught up in a suture. All that is required in order to get a good result in axial union, is to see that the bowel is cut at an angle of 450 from the mesentery outwards. That is to say, that a larger amount of bowel is removed on the free than on the attached side. While this ensures a good blood supply to the whole of the sutured edge, it has the additional advantage of increasing the lumen of the bowel at the point of union, and so compensating for the narrowing produced by the turning in of the edges through the suturing. If this method of joining the colon axially is adopted, giving way of the suture line is no more likely to occur than in lateral anastomosis. I have used this method for years, and have had very few cases in which the result was not perfect. I suggest, therefore, that successful anastomosis in the large bowel wholly depends upon the surgeon ensuring a good blood supply to the joined ends of the bowel.
AXIAL ANASTOMOSIS. I do not propose to take up time describing the aseptic technique of operations upon the colon. Careful protection of all parts of the wound and Of the abdomen by means of swabs and towels is now the universal practice, so also is that of changing the gloves and instruments after dealing with the interior of the colon, before closing the wound.
I shall first briefly describe the method I prefer of axial union, and then other methods, which have their own special advantages and applications.
The part of the colon, which it is proposed to resect is first drawn up into the wound and the mesentery is divided and any vessels secured. Rubbercovered clamps are next applied well above and below the area which it is proposed to resect. The bowel is then cut through at an angle of 45°to its 74 Lockhart-Mummery: Resection and Anastomosis of Colon transverse diameter, both above and below and the resected portion is removed, together with its attached mesentery (fig. 2 ). If the clamps are controlling the blood-vessels in the mesentery they should be momentarily released, particularly the lower clamp, to make certain that there is a good blood supply to the bowel ends, as it is very easy to damage the blood supply to the lower ends of the colon when tying off the mesentery, more especially in fat persons. The two ends of the bowel are then brought in contact and caught together by two pairs of toothed forceps, or if preferred, guide sutures, the forceps being applied on the lateral aspects of the bowel, so that the two mesenteric edges come straight together ( fig. 3 ). If there is excessive bulging of the mucous membrane some of this may be cut away. A stitch of fine catgut with a short straight needle is now started from one pair of toothed forceps and carried across to the other side of the bowel. This stitch takes up all the coats and is locked about every four or five stitches. It should be drawn sufficiently tight to ensure controlling any bleeding, and it is just as well to slack off the clamps occasionally to make sure that this has been done. When this stitch reaches the opposite pair of forceps they are removed and it is continued right round until it reaches the point where it started, where it is tied off (fig. 4 ). The clamps are then released, the dirty towels and swabs removed; and the gloves changed, the bowel itself being first of all gently washed. A fine catgut peritoneal suture is now started on the mesenteric attachment on the outer side and carried right round the bowel over the first suture and down the gap in the mesentery so as to close it. I prefer to use ordinary through-and-through stitches and to use catgut entirely. Fine catgut on Souttar needles is very good for this purpose (fig. 5 ).
Lastly I like to have an omental graft over the anastomosis. One great advantage of the graft is that it prevents the adhesion of other structures to the line of anastomosis and gives much greater security should there be any leakage in the neighbourhood of the stitches. I do not think it matters very much whether it is a live, or a detached, graft. Where the omentum is large and long a live graft is very satisfactory, but detached grafts appear to me to Section of Surgery7 do equally well and there is not the risk of fixing the omentum and so possibly of producing bands. Finton and Peet's experimental work shows that detached omental grafts remain alive when wrapped round the intestine. I generally suture the omentum lightly round the junction with catgut sutures and then divide the omentum afterwards if it is considered necessary. This operation can be very quickly performed and has given excellent results. For some years now I have made it a practice always to drain the cecum as a routine in all cases of anastomosis of the colon. I am sure that it renders the operation much safer, and has been one of the chief means of reducing the mortality of these operations. I used to use the appendix for this purpose, but for the last few years have been using the tube method, which as previously mentioned in this paper, was described in the Lancet (November 25, 1922) .
After the abdomen has been closed a small wound is made over the cecum and a knuckle of the anterior wall of this organ is pulled out and a puncture is made into this with a knife. A piece of rubber tube about 8 in. long and i in.
in diameter is pushed into this opening through the cecum for about 2 in. Catgut stitches are then passed through the caecal wall and through the drainage tube in three or four places so as to invaginate a cuff of ciecal wall into the lumen of the cacum itself. A purse-string suture is then passed round the tube in the cecal wall so as to invaginate the cuff more completely and it is then tied on to the tube. The cecum is then drawn up against the inner surface of the abdominal wall, and the abdominal wound stitched up round the tube (fig. 6 ). After the patient has returned to bed a long collapsible rubber tube is attached to the tube in the cecum and its other end passed over the side of the bed into a bucket. This completely drains the csecum without anything being soiled, and in practice it is not found necessary to change the dressings for three or four days. The tube remains tight for about eight to nine days, and then comes out when the stitches dissolve. As a rule there is no leakage from the caecum after the tube is removed. This is a much more convenient method than the performance of ordinary ciecostomy, which ' 4~~~F IG. 6.-Tube cEecostomy. (From "Diseases of the Rectuim and Colon," by the aluthor.) invariably causes soiling, and sometimes results in a secondary operation to close the opening.
There is practically no after-treatment. The, bowels can be moved at any time by giving a mild aperient, and ordinary food can be administered from the outset.
OTHER METHODS OF AXIAL UNION.
Some surgeons prefer to use clamps for sewing the ends of the colon together, in the same way as in the performance of gastro-enterostomy with clamps. A very ingenious clamp has been designed by Dr. Abadie, of Paris, in which the clamp blades revolve on each other in order to facilitate approximation of the edges of the bowel while passing the posterior stitch.
METHODS OF PERFORMING ANASTOMOSIS WITHOUT EXPOSING THE MUCOUS MEMBRANE.
Several very ingenious ways of joining the colon together have been designed by means of which the interior of the bowel is neither seen nor exposed at any time during the operation. Some of these methods deserve description.
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The following method was frst described by Gudin. The colon, at the point where it is desired to divide it, is crushed by a powerful pair of crushing forceps. Four narrow-bladed, tapered forceps are then placed on the crushed segments of bowel and the colon divided either with a knife or. a cautery, between the clamps. The resected portion of colon with its two clamps having been removed, the remaining two clamps are brought together, and the ends of the colon are sewn together with stitches over the clamps, the stitches taking up the muscular and serous coats only. When the stitch which has been started at the handle end of the clamps comes back to the same spot again the clamps are removed and the two ends of the stitch are tied together. The colon is now joined together, but there is no open lumen as the crushed ends are still shut. Bv invaginating the finger into the bowel above the line of union the lumen can again be re-established. An ingenious modinfcation of this method has been devised by Martel.
After the colon has been crushed and divided, the clamps are removed and the two crushed ends of the bowel are placed together one end on the top of the other. A stitch is then passed through both the crushed ends so as to fix them together and prevent them getting out of place. The ends of this stitch are attached to the extremities of a steel bow and fixed (as shown in the drawing) ( fig. 7) . The permanent stitch, which of course only takes up the peritoneal and elastic coats, goes all round the bowel and is tied off. After this is completed the steel bow is removed and the straight stitch is pulled out. The lumen of the bowel is subsequently re-established in the same way as in the previous method.
Lockhart-Mummery: Resection and Anastomosis of Colon
A very ingenious clamp has recently been sent me by Dr. Martel which enables the colon to be joined in a similar manner. There are three small steel clamps, which fit into a hinge. These are passed over the colon and the open ends of the clamp are then seized with a specially made handle and forced together. Small bolts then turn up and hold the steel clamps firmly together. The handle is now removed, the hinge detached and the centre clamp is opened and released. The bowel is then burnt through between the two remaining clamps and a subsequent anastomosis can be done in the same manner as in either of the previous methods described. This clamp is a most useful implement, and will certainly save a great deal of time in the resection of any large portion of the colon, as it can be left attached to the portion which is to be removed and will obviate the closing of two ends of bowelnamely, the ends of that portion of bowel which is going to be resected. I have also found this clamp useful in resecting the rectum. I do not propose to describe this method of arnastomosis, as it is. too wellknown, and in my opinion should be given up in favour of axial anastomosis.
METHODS OF CLOSING THE ENDS OF THE COLON.
This closure is necessary in operations on the large gut, such as colectomy or hemi-colectomy, abdomino-perineal excision of the rectum, and in lateral anastomosis. There are several good methods (1) That which I prefer is a Mikulicz stitch of catgut passed backwards and forwards over a tapered crushing clamp after the bowel has been burnt through. This stitch, after the clamp has been removed and the ends of the stitch pulled tight, invaginates the crushed end into the bowel lumen (see figs. 8A and 8B). If the ends of the stitch are then tied together further security is obtained. It can still further be reinforced by a mattress stitch if thought desirable. This method has the advantage of being simple, and requires no handling of a septic surface. caecum itself, and join the cscum to the colon. Such a procedure does not seem to present any serious difficulties, and will have the advantage of preserving the ileocaecal valve intact. The advantages of preserving this valve appear to be more important than the slightly longer time this procedure may involve.
ANASTOMOSIS NEAR THE LOWER END OF THE PELVIC COLON. The resection of a growth situated just above the recto-sigmoidal junction can be carried out under full use of the Trendelenburg position, and by free incision of the peritoneum to the outer side of the sigmoid, but considerable difficulty may be experienced in dealing with the bowel afterwards. Three possible procedures suggest themselves:
(1) To close the upper end of the rectum and bring the stump of the sigmoid out of the abdominal wall as a permanent colostomy. This, while the easiest and safest method, deprives the patient of the use of a perfectly normal rectum.
(2) To remove the entire rectum by abdomino-perineal excision and bring the stump of the sigmoid to the anus. This, while it gives an excellent result, is a very serious procedure.
(3) To anastomose the ends of the bowel by the tube method. I described this method in the Lancet in 1908,' but subsequently found that Mr. Rutherford Morison, of Newcastle-upon-Tyne, had previously published a similar method in some gynecological reports. It has since been improved upon by Balfour of the Mayo Clinic, and his modification is certainly the one to adopt in performing the operation now.
A rubber tube, with an internal diameter of a in. and having a lateral eye near the end, should be used. After the bowel has been resected, the open end of the tube is passed into the lower segment of bowel until it can be reached by an assistant and pulled out of the anus. The assistant then draws down the tube until the top end is level with the line of division of the bowel. The upper segment of bowel is now brought down to the lower and a rough end-to-end anastomosis performed. This completed, the tube is pushed up the bowel until its upper end with the lateral eye is some 6 to 8 in. above the line of union. Next, a stout catgut suture is passed through the colon wall and the rubber tube some 2 in. above the line of union, and tied so as to fix the bowel firmly to the tube. The tube is then gently drawn down by the assistant so as to produce a short intussusception.-The invagination so produced should be sufficient to cover the line of junction completely. A few catgut stitches are inserted to prevent the bowel unrolling. After the abdomen has been closed the end of the tube is cut off outside the anus and a safety-pin put through it to prevent its retraction. It is nearly always possible to insert one or two stitches in order to produce the intussusception necessary. This operation is much safer if a tube is tied into the ccum at the same time. It has been performed a considerable number of times, notably in the Mayo Clinic, where it has given satisfaction. TOTAL COLECTOMY. There is nothing very special about total colectomy to which reference has not already been made. I believe that in future surgeons will probably attempt to preserve the ileoLecal valve when it is not involved in the disease.
